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ABSTRACT . • ^ , . ^ 
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Module No: 



H3JWW 



Approx. Time': 



17.0 Hours 



Module Title'^ ; • ' ' ' • . - . 

* ' . * * ♦ • 

Intentiediat'e Rotating Biglogica VSurface OperatiorT 



Submodule Title: 



\ 



I OfrTC * 

,Summa ry 



Objectives : Upon completion of this fnddule, the participant will be able -to 
^' > ^ . ^ ^ . I ^ , 

1. Discuss the rok and fuFrCtions of an RBS unit in wastewater treatment 
in' detail, ' i • 

2. Di'scuss the factors affecting RBS unit performance and be able\to suggest 
solutions to adverse situations • ^ ^ J 

3. ^^Ertefly^ comment on the des'ign approaches for RBS systems.,- ^ 

4. DTscuss^Re^matntenance jeguirements for an RBS systen*. 
5; Outline the report requirements for RBS performance and conduct appropriate 

calculations. 



Ins tru clonal Aids: 

•Slides » \ 

Transparencies 

Handouts 



Instructional Approach': 



Discussion 

r 



References; . " 

1. water Pollution Control Federation Operation oV Wastewater Treatmenii 
* ' • Plants, Manual of Practice No. Il,;i976 

2. Autotrol Corporation, Bip^surf Design Manual, 1972 ^ • • 
3.. Autotrol Corporation, Operating & Maintenance Manual for'the Bio-surf 

. , Waste Treatment Process . - * ' 



4 



Class Assignments: 

Reading %f aksi.gned referentes 
Study of handout materials " 
Wor: king sample problems. 



/ - 
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Module, No; 



113 JWW, 



1 



AppnQx: Tim;e: 
-3.0 Hours 



Module Ti tle: • - • ' ^ * ^ \ , 

Intenmediate Rotating^Biologtcal Surface Operation 



SulJmodule title: 



Topic: 

Review of Wastewater Treatment Systems and Process 
Performance Parameters ' '-^ . 



pbgectives: Upon completion of, this topic, the participant "will Be able tb" • 

1. l5escr.fbe the unit operations and processes of wastewater treatment in~t 
eluding typical performance' and factors affecting the unit's perfonnance 
e.g. . flow-, tyfJa of wasfes, loadings. . ' • - 

2. Relate the plact of the/RBS system 'to trickling filters and activated -.V 
sludge processes. / * ' " - • ' 

3. Deffne the various waterquality paramfeters and cite thei.r .signifil:ance 
in biological treatment Vrformance. Parameters included as pH, toxics, 
temperature, solids 'spectrum, COD, BOD, NH3., P and others. 



lnstructiolia.r7\tds~:- — — ' ' ^ . j 

Slides and^ransparencies: Typical plant processes. Un'it pe7fonnancer 

; 1 ^ Solids spectrum. Oxygen demand^ests. . 

Handouts * ' * / * ' 



Instruction*!- Approach: 
Discussion- 



References: ' ' ^ ' ^ ' ' 

1; Water. Pollution'Control Federation, Operation ofWasWater Treatment . 
^. . Plants, Manual of Practice No.-lj, 1*976 ^ ' ' 

2. Autotrol Corporation? Bib-surf Design Manual,. 1972 \ 1 

3. Autotrol, Corporation, Operating & Matntenance Manual for the Bio-surf 

Wast€! Treatment- Process • \ • r - - ' • • 



Class Assianments 



Reading assigned material . * • ' - ' 

Supplemen^l reading— hapdouts Background operator texts 



. ^ Page 



Module No: 
II3J\-JW 



Topic: 



Review of Wastewater Treatment ' Systems acKl 
Protest Performa^i^ce Parameters 



Instructor Notes: 



Instructor Ofrtline: 



Discuss umt operat^'ons and processes 
.of wastewater treatment. • . . ' ' ^ ' 
•a. Note typical perfonnance of units/ 
especially preliminary an,d primary • 
units . ^ • \ 

.b.. Compare the role arTd blo-activity 
of^RBS untts^ to t'hose .of tricl*ling 
^ . 1¥lters and^activated sludge units- ^ . 
c^ Comment on -the impact of flovJ. changes, 
BOD Joadings' ancL)industrial wastes e.g 
high organic "and^oxio wastes. 

Define\and cite the^sjgni^ficance 'of watet* 
qua-lity] parSmetersassociated with a ^ 
j^stewater'treatfnen^plant' e.g. , • ^ 
.a', Acdeptable^pH* ranges^ ^n aerobic- 
processes. '^Cfflu^t limits."^ • ' • 

b. Toxics - e.5. jnejtal^hibition of \ 
enzymes. ' * . • . 

c. Temperature ^ affect on rate of 
activity and growth rate. * 

d. Solids accumulation and separation. 

e. . Drganics ^ nutri'^t requirements 
^evg^,^ -use^f NH3~& P in cell growt^h. 



TRAf^lS ID-f ^ ' 
Wastewater -Treatment 5yUems 
TRANS ID-2 . 
RoleVQf ^RB'S Units 



1. 



Note; 



MOP 11 is quite thorough 
in thi^^area. ' Could use 
personal slides or WPCE 
Pp^ration Training Gours 
No. 2 slides-/. 



TRAN^^lb'S."' ' 
'Water K)uality^Parameters 
TRANS ID-4^ . • • ' 

Solids Specitr^um 
TRANS ID'S 

Qrganjc Content^of Wastewater 
TRANS ID-6 

Bibphemical^Oxygeri bemand 



2. 
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Module* No: , 



Module Title.: . , * . ' • 

Intermediate Rotating Biological Surface ^Operation 



Appr;ox« Tiffie: 



3.0 Hours 



Submodule Ti^le: 



Topiic: 

Basic Biology and Biplpgical Systems 



Objectives^: Upon completion of M;h|5 topici the participant will be able tjo 

\. Discuss bacterial growth ^nd ^f actors affecting rates and- synth'esis 
aspee-ts. . ^ .7 " . • 

'2. Oiscuss 'the interrelationships of organism' ecol'ogy, .e.g> presence of 
'filamentous organisms, nitrifyiilg bacteria, -protozoans, rotifers,' 
etc.. as they relate to RBS .systeijis; . ' . 



Instructional Aids: ^ , . - * 

Transparencies: Growth curves, Po;)Ulation 'dyrianiics^- Nitrogen cycle* 
Handout^ * ^ - ' ' ; 



Instructional Approach: 



Discussion 



\ 



References: 

1- /Water folTution Control' Federation, Operation of Wastewater Treatment 

Plants^ Mariual of Practice i«6. 11,. 1976 
2..-Autotrol Corporation, Bio-sur^esign MaoOal , 1972 ' m 
3. Autotrol Corporali-on, Oper3;fe^g & Maintenance ^^anua-l for the Bio-surf 
Waste TreatnieTvM^ 




:ess. 



Class Assignments: , ' 



Read assigned Readings, 
Study handout materials- 



Module No: 

' II3JWW 



Topic: 



BasiC'Biology and Biole^ical Systems - - 



Initructor Notes^ 



Instructor Outline: 



TRANS ID-7 
Biological Tenjiinol,oc 
TRANS IDS . 
Nita^ogen Cycl-e 
TRANS ID- 9 
Nitrification 
TRANS ID-IO , ' 
Biological Activity 



V 



r 



•Discuss bacteria^ growth, 

a. FoocJ/Microor.ganism ratio 'impact 

b. 'Aerobic and anaerobic aspects e.g.\ 
DO ^requir^m^nts to maintain aerobic 

' . activity. 

c. Wasteflyater contains a very diverse • 
population -^*competition/based on' .^^ 
food availability a^nd environment e.'g., 
as BOD decreases adequately nitrifica- 
tion can occur. 

Note that bio-decomposi tiQn of protein, 
can yield .ammonia. 



•d. 



Note: MOP #11 cites examples 
of bio-populations 



Discus^? diversity 6f organism, population 
in fixed-film systems. ' - 

a. Bacteria 

b. lamentous-favored by type .gf food 
availab-ili ty, low, pO conditions 

csr Note, conditions necessary for slow 

growing nitrif>ers to develop , 
•d; Protozoans are present in active 

; bio-systems ' , ^ . 

e. . Rotifer's af^e indicators of stable 
systems with low organic levels 



* » 
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Module No: 


Module Title: ' i • ' ' - 
Iptermedi-ate Rotating Biological Surface' Operatign * 




^3Jw^^^ . 


Submodule Title: ' ' ^ - - 




Approx. Time: 








Topic: , ■ . ^- . 


t 


• 

"2.6 Hours* l- ' 


RBS System:, Purpose functions; components^,*'-'** 


\ 1 

* < • 

1 


Objectives: Upon completion gf this'top>c, the partlctpant will -be'able to ^ 

1. Fully describe a typical RBS system a»d cite its process performance 
, . characteristics. in organic, removal and nitrification applications. 

2. Discuss ;^he nature. Qf the biOrmass and the component parts of the, 

■ ' system. " ' . • , . , . 


- *' 

• 






/ 


Instructional Aids: 


r — '» ' -» — = — 


t m 


Slides & Transparenci 
}1andouts 


es: RBS^ System. RBS Cdmponehts- Existing plants. 




* * 

'1 r-^i 


. / 


1 

N 

J 


iostructional Approach: ^ i ' ^ 


0 

i 


Discussion 


' ^ ■ ■ . ■ . *. 




References:.', ■ 




• 

V 


1. Water Pollution Control Federation, Operation of Wistewater Treatment 

• Plants, Manual- of Practice No. IT, 1976' . s-' 
"2. Autotrol Corporation, Bio-surf Design. Manual, 1972 
3.' Autotrol Corporation, Operating & Maintenance Manual fprthe Bio-surf 
Waste Tr*3tment Process ' •' 
■ ■ ' ' .. .' , • . . 


■ ' ■" 


Class Assignments:. 






Read fis'signed ^materials inVeferences. ' * • . 
Study handout -materials:^ " : 


s ^ » ^ 

ERLC ' 1 
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Module Hp: 



Topic:. ^ . ' • ••_••> 

kRBS System: Purpose; functions; GOTfconents / * - 



Instructor- Notes 



TRANS -iD-11 -V " • 
Rotatijig.' Biological Surface 

'Reactor ' ^ 

TRANS ID-12 . ;\ 
Typical 4iBS -Configuration 
TRAN§ ID-13* 
Process UnTt^QojUponents 
TRANS ID-14 • - 

Process Description ' . 

SLIDES 

DS-1 through DS'-'U- 

Note: The bio-mass is described 
' in MOP #ir - 



^ Inslructor.Out'Vf ne: 



3. 



.Describe the r6S system and pote typical 
pro.cfess performaR^^e re-BOD. r*eductton 
and nitrificatioij"' . - • ' 

Note the various .components .e.g. * 

a. Nature o.f disk material and, area ' 

b. .Rotational mechanism and function 

c\ Natucfiv of bio-mass-growth, appearance, 
shearing 'With rotation .s' 

• ' . - . . 

Observe typical installations via the* 
slides. ' , ' " 
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Module No: 



II3JWW 



ApproX/ T.ime': 



3.0 Hours 



Module Ti 



iVle': 



/ 



Intermedia.te Rotating Biological Surface Operation 



Submodule Title: 



Topic: 

RBS System:- Factors Affecting Performance 



Objectives: ,/ ^ , ^. ^ , . . - \ 

, Upon completion of this. topic, the participant will be able to 

1: Discuss the significance of . proper pre-ti«eatment to maintain RBS unit 

'. perfomance. The effect of carry over solids, slug loads, flow •'. 

. variation, toxic'substances would be inj^^ed.-' ' 

2. Discuss- the effect of pH, temperature., alkalinity on the process." • 



InstructiopaT Aids:'. 



.Transparencies; 
cH^ndouts 



Cause and Remedy Situations 



InstrOctional Approach: 
Discussion ' 



References: • . . ' 

- - . . -T 

1. Water Pollution Control Federation, Operation of Wastewater Treatment 
/ Plants, Manual of Practice No^Jl, 1976 

2. Autotrol Corporation, Bio-surf "Design Manual, 1972 

3. Autotrol Corporation, Operating '& Maintenance Manual for the Bio-surf 

Waste Treatment ProceS's ' - ' •.• 



Cla^s Assignments: 

Read asVfgned 'K;|fjerences . 
Study, handou^^ftateria-ls. 



1 ^ 
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■({Module Np; 



Topic: 



RBS S^sten\; Factors Affecting Performance 



'Ihstruc>tor .Noties.-: ' 



Instructor X)ut1ipe :• ' 



TRANS' m-15 . ■ • ' / 
,Var,ial16ns in'Flow and Strengt|i' 

Note : MOP #11 i,s thorough in this 
area. 



/ 



!• Discuss the importanc'e of pre- treatment ' 
'a. Potential for grit or .other sol ids'i, ; 
tp settle 1n RBS channels or units • 
if not removeckearlier, 

b. 'Cite the. impact of increases i^n- - 

BOD loads* to the system e.^g., from 
imdiisttial wastes., , Bio-mass response 
and oxygen avail-ability,. Also consi- 
der items like grease, 

c. Note flov/ increase affetts on RBS 
units (contact time and performance) 
and on the 'final clarifier perfor- 

^' mance! 

d. Toxic interference with bio-activity 
e.g,,,metal inhibition of enzymes. 

2. Consent on effect of varying' parameters 
in'^' the* system, ^ ' ^ ' ' 

a. '"Note sens'^i ttyi ty of nitrifiers to 
pH - [not as critical for organic 
removal). . . 

b'. Note/decrease in performance )vith^ 
temj)eratare drops, In]p. of covers 
or heated air in buij dings, / 
Note alkalinity buffering aspect. 

d. ' Sunlight impact could affect' -algal 
, growth if 'disks are- exposed,. 1'* 

e. \ Changes in DO with stages. 




Modulfi No\- 



IISJWW 



kpprox: Time: ^ t 
1.0 Hours 



Module' Title: " .. '■ 

Intermediate Rotating Biological Surface Operation 
Submodule Title: * ' " f 



Topic: 



\ 



•RBS System: Typical, design criteria. 



Objectives ^pon completion of -this .topic, ■ the participant will be able to 

1. List and-tiriefly discuss the typical design criteria for an RBS unit 
including |iydraulic loading, rotational speed, BOD considerations, 
.•temperature effects, NH3 considerations , etc. 



Instructionjal Aids: 

Transparency: Typical design criteria 
Handout ^ 



Instructional Approach: 
Discussioh 



References: ^ . . " 

1.^ Water Pollution Control Federation, Operation of Wastewater 'Tre a tmerit 

Plants, Manual of Practice No/ 11, T976 . ' ^ . 

.2. Autotrol Corporation, Bio-surf Design. Manual, 1972 

3: Autotro> Corporation, Operating & Maintenance Manual for the Bio-surf 
Waste Treatment Process 



Class Assignments: 
Study handout material.* 



♦ 
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Module No; 
I13JWW ' 



.Topi( 



RBS System: Typical design criteria 




TRANS ID->6 through. 19 
Typical Design -Eriteri a 



16 



nstructor Outline: 




c. 



Dis.cuss typi<:al design f/actors for RBS 
Units * * . ' ^' 

a: Hydraulic loading vs. removal 

Effect of 'increas'ilhg the number of 
staaei^ " I . ' ^ 

Rotational speed - * > 

Tank volume\ ' 
Temperature-note that if ^ou can' 
lower the hydraultc loading you 
can coitipensate for lower temperature 
conditions. 

Note that nitrification occurs with 
low BOD/NH3 ratios. . , 
Note effect of nitrification on 'BQD 
analysis. 



f. 
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Module No: 



II3JWW\^ 



Approx.'jTime^ . 



l.,0 Hour 



MoNdule Title: . • 

Intignnedi»^/ Rotating Biological Suffice Operation 



Submadule Title: 



Topic: 

• Final settling tank*and' sTudge disposal 



Object! V£s:^Upop completion of th,iV topic, the participant wilT^'be .able to 

1. Diseuss the settling properties of RBS unit so|ids anfl the"^ typical 
perfo'hnatjce. of ,a final clarifier. ■ 

2. Discuss the quantity and "nature of "final settling tank sludge and its 
. disposal' alternatives,. 



X — * — - 



Ins.t^uctional Aids: 

Transparency: Typical fi^ral clarifier and its process control factors 
, Typical sludge treatment -and disposal alternatives 

il,andouts . r 



Ipstructional App^roach: 



Discussion 



Re^ferences: . ■ , ^ • . ^ 

•1. Water Pollution Control fecieration". Operation of Wastewater Treatmenl 
Plants, Manual of Practice No. -11, 1976 ^ * • 

2. Autotrol Corporation, .Bio-surf Design Manual, 1972^ ' • ' 

3. Autotrol. Corporation, Operating & Maintenance Manual for ^ the B.io-^H 

Waste Treatment Process ^ 



Class Assignments : 
Study hahdout materials. 
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Module No: 
^ II3JWK 



Topic: 



Final set'tling. tank and sludge disposal : 



Instructor Notes: 



Instructor OQtline: \ 



TRANS ID- 20 ^ 
Sludge Treatment & Disposal 



• 4 



i^ot'e the settling, properTties of RBS^' 
bio-so^ids." Review sgttMng tank 
perfQffnance criteria e.g. . 

"Overflow rate 
b. Detention "time / ' ^ 

\,^. Discuss' sludge removaV, treatment- 
and disposal . * ' ^ - ^ 

a. Typical quantities and quality; 
of sludge. / ' 

b. Combining with prirhary sludge. 

c. ^ Note alternative processes. 
Comment'on rising s^ludge possibilities 
vs. puniping rates. Denifrffi cation 
vs. thick sludges. 
Comment on storage of sludge. 



V 



1 
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Module 



II3JWW 

^ 



Approx. Time: 



1.0 Hour 



Module Title: . 

Intermedial Rotating Biological Surface Operation 



Submodule TitTe; 



Topic: 



Maintenance 



Objectives: Upon completion of this topic, the participant will be able'to 

1. Discuss the maintenance requirements of an RBS unit and the related 
process units. ' < % . " ' 




Instructional Ajds: 
Transparencies: Maintenince Schedule 



Typical Maintenance Manual > Instructions' 



InstVuctfonal Approach 
Discussion 



is 



References: — . . • 

1. Water Pollution Control Federation,' Operation of Wastewater Treatment 
, Plants, Man-iial of Practice Noi'll, T976 * . 

2. Autotrol Corporation, Bio-surf Design Ma'nual, 1"572 

3. Autotrol Corporation, Operating Maintenance Manual for the Bio-surf 

. Waste Treatn^nt Process ' -v^- 



Clas-s Assignments: 

Study handout:S. 

Read assigned, readings. 



13 
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Module. 'No? 
II3JWW 



lopic: 



Maintenance 



Instructor Notes; 



Instructor Outline: 



TRANS ID-^l 
Bio-module Units 

TRANS' ld-22 • 
Preventive Maintenance- 

TRANS - ' \ 

Lubrication & Maintenance' 



1. Discuss maioten-ance rexpitrements and 
operation of mechanical ynfts. 

2/ Have student participants .share' th'ei/ 
practiced witi) RBS units with the class- 







Mbdyle No; 




^ . - 








'Approx. Time:- 




3.^0 Hours. 
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Module Title: • ' " ' ' , ' _ ' 

• ' * '• ' ■ 

Intermediate Rotating giological Surface Operation 



jSubmodule Title: 



Topic: 



i Reports and calcuJat-idhs 



Objecti^s. Upon compHetion of^^ this topic, th\ participant will be able 'to 
k Complete appropriate -IDEQ>eport$ rfegardin^ process performance of an 
RBS wastewater trfeatmen-t plant. A ' ' ' 

2. 'Complete appropriate calcuTatidins includihg\(ilfrtervtion time, hydraulic 
loading, per cent ^removal , lbs/day to concentration conversions for flon 

• rates, chemical feed requirements. ' • \ • • 

3. Understan,d and describe terra^, units, loadings^ conversions, etc. 



Instructiopal Aids: \ ^ ' 

Transparencies: IDEQ Report Forms ^ ' 
Typical Calcula^ibns 

HandjDuts t . 

Problem Assignments f * ^ 



Instructional Approa.ch: 
Discussion 



Refenence|: 

1. We^ei: Pollution Control -Federation,- Operation of Wastewater "Treatment 

Plants, Manual of Practice No. 11, 1976 " ■ 

2. Autotrol Corporation, Bio-sur-f Design Manual, 1972 
;3. Autotrol_ Corporation, Operating ff Maintenance Manual for the Bio-surf 

Waste Trea'tment Proces-s •* * - 



Class, Assignments: \ 

Study^handotits. - * . • — - 

Complete sample. problem calcuJations. 



■■ ■■ / 
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■Module No:^ ^ 
II-3JWW 



Top.i c 



Reports and calcuJi-ationsV 



Instructor Notes: 



.Instructor Oi^tline:, 



TRANS^ID"24 ^ * 

IDEQ Monthly Report 

TRANS ID"25 ^ ^ 
IDEQ Effluent Monitoring 

TRANS ip-25 
Typical/CaTculations-I 

TRANS. ID"^7 • 

Typical >Ca1duTations - II 



1. -^evie\*^' and "discuss typi cal IDEQ reporting 
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3. Discuss typical 'cal'(ju1?tiohs using s^pTe 
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^ calculations. 
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WASTEWATEI^ TREAmENT S^S'i EMS 

t • 



IHFLUENT 



PRELIMINARY 
TREATMENT 



® 



SOLIDS 



SLDDGE ' 




R0T7\"i;it<G 
BIOLOGICAL" 
SURFACE 



5EC0NDARY\ ^ 



.Recircu- 
lation 

• SLUDGE 

© ■• . 



® 



BAR 
5iCREEN 



Q 



COMMINUTOR 



PARSHALL 
FLUME'' 



DISINFE^CTION 



FILT'RWriON 



AMf-IONIA REM. 



ADVANCED Qr TERTIARY 
- TREATMENT 



PHPSPHORUS REM. 



CARBON. ADSlDRPTION ' 



■ GRIT 
;REMaVAL\ 

\ 



TO • :.. 

PRIMARY or 
SECONDARY ' 
TREATMENT . 



TRANS ID - 2 



. . ' ROLE of kBS UNITS 

SECONDARY TREATMENT ' . " • 

Reduction of BOD by aef^.ic biological treatment 
Used in place of a ro.ck trickling filter or an 

activated sludge process * y 
Applied to municipal artd to industrial wastewate^ 
Oxidize some organicsin industrial wastes 




TERTIARY -TREATMENT 

Decrease ammoniajn^tr^en (NH^-N) concentration by 

biological oxidation 

• ^ t 
Used alone or in combination ^*th other biological 

processes ; ^ 
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WATER QUALITY PARAMETERS 



pH. 



TEMPERATURE 
ALKALlNflTY 



NITROGEN 



A measure of the hydrog'en ion concentration* 
pH = log 1 . 'pH +'pOHr= 14 

°F = 9/5 °C +"32 ■" - 

Due to presence of^hy4roxides , carbonates and 
bicarbonates of • cff%cj;urir, magnesium, sodiu-, 
potassium and amc^^ 



Typical in domestic waslewater: 



Total Nitrog^ 
Organic Nitrdgen 
Ammonia Nitrogen,' NH. 
NitrKte & Nitrate 



(N02)^ 



(NO3) 



-20- to 85 mg/1 
8 'to 35 
12 to 50 
Generally zero 



. PHOSPHORUS 
GREASE . 



- Essential nutrient in biological treatment 

Cause clogging; interfere with biological life 

TOXICS p ■ e.g. Heavy metals, cyanide'. Interfere with. 
' ^ ' bio-activity^ . 

DISSOLVED OXYGEN Oxygen in solution. Winkler titration. 

- DO Pr'obes. -Needed fpr aer'bbic bio-activity. 
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/-f SOLIDS SRECTRUM • 



■ ' H — Organic 
TOTAL SOLIDS — 



(700) 



Organic - 
Inorganic « 

r 



SUSPENDE D 
(200) 



SETTLEABLE 
(1.00) • 



\ '• 

■ NON^ 
SETTLEABLE 
dOO) ' 



i — Inorganic 



1 



Organic 



DISSdLVED — T 
(Filterable) I— Inorganic 
•(500) 



VOLATILE 
FIXED 



Essentially , organic fraction - 600 C 
'^Essentially inro'ganic fraction * 



SETTLEABLE — One hour.- Imhoff cone 

GRIT ■ Mnorganics. Higher settling rate 

CARRIAGE WATER - . ' * 

SOLIdS — Dissolved solids in water supply 



PARTICLE* SIZE 



Settleable - greater than;lO microns 
Colloidal - 10"^ to 1 micron 
/ 1 micron ^pprbx, equals 1/25^00 
Bacterial Dtameter ^ 1 micron. 



Percent of 
Theoretical 



100 



50' 



■ : TRANS ID - .5, 
ORGANIC CONTENT of WASTE WATER 




THOD ' TrfO 



-COD 



BOD. 



BOD, 
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TOC 



ThOD - If chemical formula. of organics is known 
ThOD.may be computed. (Theoretical Oxygen 
Demand) . 



TOD - Convert organics to stable end products in 
• a plaiinum-catalyzed combustion chamber 
(Total Oxygen Denrand) 

COD - 6xidiie organics chemically in an acidic 
medium. (Chemical Oxygen Demand) • 



BODu - The organics are oxidized biologically in the* 
presence of oxygen and adequate nutrients at 
20°C. (^he ultimate (20 day) vBiochemical Oxy- 



.BOD, 



TOC 



. gen Demand) 

V 

• The, 5. day Biochemical Oxygen Demand 

• Organic carbon is oxidized to carbon dioxide In 

a^hlgh 'temperature furnace in the presence of a 
• V *» ^ * " *• 

cata^lyst. (Total Organic Carbon) 

Typical Domestic Wastewater: BOD/COD 0.4 to 0.8 

r-, BOD/JOC 0.8. to 1.0 



BIOCHEMICAL OXYGEN DEMAND 




./ 




■■ ■ ■ -\ - ■ • > 

Curve C represents the carbonaceous oxygen demand 

Yg = L (1-10"^'^) Yg - BOD at 5 days 

-*L - BOD^^ 
k - Deoxygenation »rate 

Curve B illustrates normal progression of nitrification 
(At 20°C, it takfes from 6 to^l*0 days .to develop 

a' nitrifying population) 



Curve, A illustrates nitrificatioia initialTy^due to an adeqi!iat4# 
J population of nitrifiers iri the sample e.g.- RBC jLf fluent 



Note 



. Nitrification effects can be separated out by pretrjeating 
the sample e.g: pasteurization or by the .use of ch'emicalX 
inhibitory agents e.gJ thiourea* * 
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BIOLOGICAL TERf^INOLOGY 



F05p or SUBSTRATE, F 
(BOD, COD, TOO 



P/M - Food to Microorganism • 
. - Ratio 



S^T-yWs or GROWTH 

NEW CEtOS, M (Volatile^3olid^) 

\ . ' '' 

1'. • ' . 

ENeVgY & END PRODUCTS* 



ORGANIC - HET^ROTROPHS 

• .AEROBIC .(Presence of D.O.) 



COg + HgO' 



ANAEROBIC (Absence of D.O.) — CH^ + CO2 



FACULTATIVE — Can adjust to presence or absence of D.O. 
■*, INORGANIC - AUTOTROPHS • . 



NITRIFICATION — NH 
" (Aerobic) " 



NO, 



NO, 



3 ""2 ""3 
(Uses CO2 as carbon source) 



PHOTOSYNTHESIS " -- Uses COg as carbon source 
* * ' Yields oxygen in pt^esence of* light 

e*g. algae ■■• - . , 
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NITRIFICATION 



• '\_^THE BIOLOGICAL OXIDATION QF^^ AMMONIUM, FIRST TO 
NITRITE THEN TO' THE NITRATE FORM 

• •: ^ . bacte^ria . 

2 NH4/+ 3 0^ ^ 2'N02''+ 4 h"" +.2HpO 

^ • Nitrosomonas , ' / 

< 

bacteria " 

^ NO/ + Op 'r-, — ^ HO~ + Zn -+\\yO 

. ^ Nitrobacter ' - 



OVERALL REACTION : 

NH^ + 2 O2 NOg" + 2N"^ + HgO / 

4.6 mg/l of oxygen is required to oxidize 
1 mg/l of ammonia -nitrogen when syn- 
\^ - ' • thesis of nitrijfiers is neglected. 
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TYPICAL RBS CONFIGURATION 




•COVERS OPTIONAL / 



Drive 
System 



Semi -ci rcul ar 
Contour Opti6na1 




EFFLUENT FROM PIPE TO SECONDARY CLARIFIER 



Interstage 
Bulkheads 




I 



"A 



! 



s - 



111 , 



DRIVCI A 



WASTEWATER FROM PRIMARY TREATMENT 



37 



/ 



DIS.qHARGE 
OVER WEIR 
OPTIONAL * 




03 " 'T^^-i 



to 

m , 
g ^ 

I : Pi"'- 

2 X ttziai 



: o 
c 

33 O 

CO Q 

> DO 33 

33 " 
> 

r <n 



>95 



f; c 2 

m 33 Z . 
</) o 



CD 
C 
n 
O 

m 



o 

to,, 

2 
o 

> 

6 

s. 



1 



8 



TRANS ID - .13 
PROCESS UNIT COMPONENTS 



\ 33 



DRIVE ASSEMBLY (See Appendix for details) 



Motor ^ 
Belt Drive 
Speed Reducer 
Dri>^^e Sprocket 
Roller Choif^ 



Pre-o44cmbl^ 



\ 



LOOSE PARTS 
( SHIPPED SEPARATELY ) 

A^ Bose Bors 



B« 



Drive Sole Plote 

Beoring Bpses, f>ote (1) 

Choi/) Coii^jt comp+ete 
with se^oU, dipstick, ond 
mounting hordwore* 



C, Guarcf,for Beli Drive 




Its 



\ V. . 

























SHAFT ASSEMBLY 



BfO-'SURF Medio , ♦ 

Shoft with Mochihed Stub Ends', 
Self-Aligning Beoringj, note (2\^ 
Shoft Sprocket 



(1) Beoring bose for drive end differs ffbm base for idle end, 

(2) Drive side bearing is non-exponsion type. Idle end bearing, is expqnsion, 

i« ' 




BIO-SURF Media 

The photo shoars a crosS'Seaion of the BIO*SURK media. li_ 
\ consists of ahcmaling flat and corrugated sheets oi pbjyethylene 
\u;hich are thermally bonded for strength and long service life. 

The corrugated sheets are vacuunvformed Uilh integral radial 

passages. The radial passages allow a free flow of wasteuatef. 

air and stripped biomass in and out of the media as it rotates. 

? ^^^^v^^ ^^^^^^ 

L • i ; lJ /A Jl 
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^ PROCESS DESCRIPTION * 

fthe , BIO-SURF prace^s js 'a secondary biological -treatment system. It con- 
sists of from 2 meter tQ'l2-foot diameter corrugated 'polyethylene media; 
whfch is mounte^d on a horizontal shaft up to 20 feet* Tong and placed in • 
' a*steel or concrete tank*. The media is rotated at 1.5-3 rpm while about * 
A ^0% of the surface area is immersed in wastewater. 

Shortly after start-up, mic^'oorganisms begin to grow on the surface of 
the media. One to-^two weeks later, the entire surface area is covered 
with a 2t4 mm thickness of biomass. ' - ^ 

Rotation of the media alternate^^ coi^tacts Vhe bioma'ss with the wastewater 
for removal of organic materials and e)^*poses it to the- air for absorption 
of oxygen. The amount of attached biomass is relatively large compared to 
^ 'the amount of wastewater under treatment the equivalent oIf 10,000 to 
20,000 mg/1 of mixed liquor volatile solids. This allows high degrees of 
tr^^im^Ht to be achieved foi;^r^atively stiprt retention times usually 
^about one hour for most trea^tment requireiasea^ ^ 

Rotation of the.media at a peripheral velocKy of 1 .,0 foot^per second 
exerts shearing forces on the bic3^^flass y/Kich strips e^i^cess biological 
^growth and prevents clogging.* The mixing Miction of the media keeps strip- 
^ l^^i^^ ped btologic^l solids in su'Spens'ion until the flow of. treated wastev/ater 
\ ))arrie?^.them to a clarifier for separation aYid disposal.-/ 

- ' ' ' , • ' *^ ' ' ' 

. . Excerpts from. Autot'fo-l Pub'li cations .^^ . ' ..^ . 

\ * Power Requirements - 0.3 hp-hr per pound BOD removed- 

] ; , \ \^ Effluent Quality - Some applications can achieve effluents of. 
4f: less than BOD and suspended solid«P 

and less than l-^mg/l of 'ammonia^nitrogen * , 

Settling ^ ^- ^ Solids settTing pate 10 to T5 ft/hoUr. 

' \ Low solicls loa(TiT>gs.^ Can achieve. 3 to 4% 
' « ' sludge solids , ■ ' * ^ 

Mpdules - . ' ^ Can be of modu^lar construction- to aid ex- 

\ y . * pans ion " - 

\ * ^ ' • * . ; . * >^ ' 

^I^rom Alitotrol Corporation pubji cations ^ 
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TYPICAL DESIGN CRITERIA - i 



BIO-SURF Process Design Criteria 
H^RAULIC LOADING 

BIO'SURF process design criteria have been estab- 
lished through extensive pilot ^lant testing in t^e 
United States since"1965, and from more than ten 
years of operating experience in Europe. 

A list of technical publications from th^ U^..and 

Europe which\ form the .^basis for conclusions 

reached regarding 'design criteria, is contained in 

the Appendix of this manual. Chapter H. 

'"■^ '. * 
The^BlO-SURF process has been found to demon- 
is ^ ► 

strate first order, kinetics for the removal of carbon- 
aceous BOD, oxidation of ammonia nitrogen, and 
removal of ultimate oxygen demand. This mean^ 

ysthat at a specific hydraulic loading. 4 specific per- 
centage removal of BOQ \|y;ill occur regardless of 
BOQ concentration. Thi^has been demonstrated ,pn 
domestic wastewater over a BOD concentration 
range of 80 to 600 mg/1. Because of this, the pri- 
mary design criterion is hydraplic loading. To 
simplify design calculations, hydraulic Joadmg is ex: 
pressed as flow per unit time, per unit of surface 
aV^a covered by b'rological growth, or gallons per 
day/square foot (GPD/Ft^). It would seem that re- 
tention time would be the means of determining hy- 
draulic loading. However, since actual retention 
time can be calculated only by estimating the void 
volume' of bio|pass covered media, and cannot be 
directly translated into a requirement for a specific 
amount of rotating equipments hydraulic loading on 

^the biomass covered surfaceis used for determining 
equipment requirements (See Figure B-3a). There- 
fore, the main effort associated with desi§n and 
selection of BIO-SURF, equipment for any waste- 
water treatment application is to determine the 
requirement for growth covered surface area. 
Chapters C and D contain a cfbtaiied discussion of de- 
sign procedures for domestic and industrial waste- 
waters. ' ^ 

Other processes for biological .wastewater treat- 
ment u?e organic loading as lb B0D/day/l006 Ft^, 
of a food to^microorganism ratio as lb BOD/day/lb 
MLVSS as the pricnary design criterion. Because of 
first order behavior, hydraulic rather- than organic 
loading is the primary factor m^BIO-SURF process 
performance. Although the food to miprobrganjsm 
ratio is an important factor in the BIO-SURF process. 



It is self-regulating because the attached biomass in 
each stage will develop to a thickness in proportion 
to the concentration of organic^ matter Present. 
Therefore, food to,miCroorgamsm ratfo is not used 
as a criterion of process design. 



Hydraulic Loading 



% BOD 
Removal 




Fi 



GPO/FT* — I 

ureB-3a t> ^ 



STAGING AND PLAnIaRRANGEMENT 

The arrangement of rr^dialn a series of stages has 
been shown to significantly increase treatment 
efficiency (Figure B-3b), This occurs ?or two reasons. 
First, the development of specific microbiafi cultures 
in the successive stages of media which are adapted 
to the wastewater characteristics in each stage. 
With domestic wastewater, the latter stages of 
media develop nitrifying organisms which oxidize 
ammonia nitrogen. Secondly, becausev th^ BIO- 
SURF process exhibits first order kinetics, the 
improved residence time distribution (i.e., more 
closely approaching "plug f lovv") obtained with stag- 
ing Increases the BOD removal rate. In "plug flow" 
operation, organisms in the first-stage of media are 
exposed to a high BOD concentration and respond 
by removing iBOD at a high rate. As the BOD con- 
centration decreases from^tage^to stage, the rate at 
which the organisms rennov^.^BOD, also decreases. 
The Average BOD removal rate is greater than tf ail 
the media were in a single, completely mixed^ stage 
where. all organisms are exposed to a r^lative^ly low 
BOD concentration, 

* 2 

Thus, it has been found necessary to construct 
^ BIO-SURP plants in at least four stages to 
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TYPICAL .gjPflGN CRITERIA - II 



%,BOD 
Remova t 



^Staging 




GPD/R* ^ ' ' t 

• ^ * Figure B-3b 

most effectively utilize the surface area. 
For treatment plants requiring many shafts of rfiedia. 

convenient plant layout * often calls for more 

than four stages in series/ This can be done^' 

without fear of overloading the first stage 

on dx>mestic wastewater and will result in a slight 
increase in treatment efficiency. • 

Treatment plants, requiring four or more BIO-SURF 
process shafts are arranged so that each shaft is an ' 
individual stage of treatment. The^ shafts are ar- 
ranged in series and the wastewater flow is per. 
pendicular to the shafts. For plants where fewer, 
than four shafts are required, they can be arrang- 
ed in parallel Each tank pontaming a shaft Js; 
diCrided into stagey with crosstank bulkheads along 
its length, and wastewater flow is parallel to 
theoshaft. Each bulkhead has a submerged orifice, 
and each section. of media between bulUheads ^cts > 
as a separate stage of treatment. Tests have 
shovJn that each stage is completely mixed, and that 
Jher^^^s na difference irytreatment capacity using 
either shaft arrangement. Plant layout options 
are shown in Chapter E.- 

'^ « * , 

EFFLUENT BOD CHARACTERISTICS 

* » ** 

Effluent frgm a BIO-SURF unit providing nitrification 
contains, nitrifymg organisnrrs. Because of this, 
significant nitrification occurs during a 5-day BOD 
test on the effluent. In B©D tests where allyltbipurea 
was added to dilution water to suppress nitrification, 
it has bpen shown that q BIO-SURF process effluent 



of 30-40 mg/l total BODs or less is approximately 
50% carbonaceous and 50^^ nitrogenous BOD. Thi.s 
r^ationship is valid for effluents as low as 8-JIO 
jng/l total BODj, Below this BOD level, nitrification 
is essejntially complete and the proportion of carbon- 
aceou^rBOD inpreases^ This is shown graphically m 
Figure B-3c. Total BOD removals of 85% apd 90% 
th^n correspond to carbonaceous BOD5 removals of 
approximately 90% and 95% respectively, 



Effluent BOD 




Toial*^ BOO'- 



; -Figure B-3c^ 



MEDIA ROTATION 

Rotational velocity of the media is also an important 
design criterion. Testing of variqus diameter media 
in^dicates that peripheral velocity can be used to 
select thre required rotational veJocity for any dia* 
meter. , - ^ 

Rotational velocity affects wastewater treatment in 
several, ways: it provides cor^tact between the bio- 
mass and the wastewater, it aerates ^he waste- 
water, and It provides energy to thoroughly mix the 
wastewater in each stage. Increases in rotational 
. velocity increase the effect of each, of these fact(^rs. 
However, thefe is an optimum rotational velocity 
above which further increases in these, factors no 
longer increase treatment levels'! This, optimum 
velocity will vary with wastewater BOD concentra- 
tion^ i.e.. the optimum velocity is higher for 
concentrated industrial wastes and lower for domes* 
tic waste. (See Figure B-4a). Also, the optimum 
rotatiorial velocity will decrease from stage to stage 
in a BIO-SURF treatment ^lant as the BOD 
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concentration decreases Jrojn stage 6> stage. It has 
been found ttiat when all stages of discs m the plant 
rotate at th^ same ^velocity, the optimum peripheral 
velocity for domestic wastewater is 60 ft/min. This 
is true for QOD removal and nitrif icatio'n. 

Since power requiremments increase exponentially 

. with increases in media velocity, there is a practical 

upper limit of rotationaf^velocity use(t for industrial 

wastQ treatment. The ability to maintain a large 

^ attached culture is not a factor in selet^ting rotational 

velocity. Pilot plant testing at velocities well above 

practical limits on the basis of power consunnption 

(400 to 500 ft/mm.) have shown no loss in the 

amount of biomass. z 

> 

^ The direction of media rotation has- no effect on 
treatment efficiency and is not a lactor in selecting 
rotational velocity. In a multi-shaft installation, the 
immersed portion of the media is rotated in the 
same direction as the wastewater flow to minimize 
the hydraulic head loss through the plant and 
minimize backmrxing between adjaceru stages. 



Rotational Sptbed 



^:^800 < 
>Remova) 




V 



BOD Concefntrat»>ftQ^ mg/t.-rr->- 

Figure B-4a 

» * * . 

TANK VOLUME^ \ \ 

An important factor affecting perfortnance of the 
810-SURFprocess is the retention time^of the .waste- 
water within the tanks containing the discs. At a 
^given hydrwiic- loading, as GPD/Ft^/: the waste* 
Water will have a given retention time depending 
upon the voidfraciion of the'medi3. and the. size of 
the tank containing tlie media, increasmg void frac- 
tion of the media orlncreasing'thfe tank"'size will all 
increase th^^amount of wastewater hefd within the 
tank. / 



er|c . 
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Removal 




Tank Volume 




GPD/R?— 
Figure B-4b 



This will increase thje retention tTme at a given hy- 
draultc loading and will, therefore. Increase per- 
formance. Extensive^ testing using vaHous void 

nraptions and tank sizie^ has ed to the conbtu^on 
-that there is an optimum tank volume • whit 
maximizes the treatment Capacity of the growth 
covered surface. (See Figure B-4b). For purposes of 
pfant design. *this tank volume is measured as 
wastewater volume held within a ^ank containing a 
shaft of media per unit of growth covered surface on 
the shaft, or gallons per square foot (G'al/Ft^), The 
optimum, tank volume determined for domestic 
wastewater treatment is 0.12 Gal/Ft^ taking into 
apcount dfspfacement by the growth covered media. 
Therefore, all large scale BIO^SURF process layouts 

. described. in subsequent sections of this manual use 
this tank volume,. The use of tank volumes in excess 
of 0.12^ Gal/Ft2 does not yield corresponding 
irfdreases in treatment capacity when treating 
domestic wastevyateV. Where low wastewater 

^ temperatures are jBncbuntered.^ impj-oved waste- 
water treatment will be achieved by providing tank 

.volumes in excess of 0.12 G^l/Ft^. Details on" this 
technique willlae discussed in more detail m the 
design Chapters CandD of this\nanual. ' 

WASTEWATER TEMPERATURE 

Wastewater temperature affects BIQ-SURF process 
performance just as jt does all biological wastewater 
treatment processes. Wastewater temperatures be- 
tween 55 and 85° F have no' affect op BIQ-SURF 
process performance. When wastewater tempera- 
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tures decrease below 55^F. the treatment efficief^^efy' 
will also decrease. (See Figure B-4c). 

If wastewater flows are sufficiently lower during 
periods of low wastewater temperatures, then treat- 
,rner* efficiency will be orfSintained. In cases where 
toy A^stewater temperature is due to sewer mfiltr*a- 
tton or run-off frdm rainfall, the conditions -of lower 
temperature will not coincide with lower fliow?,^ 
Then, treatment efficiency will not be maintained, 
. (Infiltration, however, will generally dilute the raw 
wastewater so that yvhile oercentage removal may 
decrease, the effluent qoncentration may 'not b^ 
ma'terially affected. Al^o, discharge standards for^' 
receiving body may 'not be as sfringent under cold 
weather conditions). If it rs're'quired that a given* 
percentage treatment or maximum effluent quality 
be maintained under all conditions, then it v^\\\ be 
necessary to design the BIO-SURF plant to offset 
the effect of the* low vyastewater temperature. 



Wastewater Temperature 



% BOD 
Remova 1 




GPD/FT'- 



^ Figure B-4c 

ENCLOSURES 

*Year round operation in northern climates requires 
that BIO-SURF plants be covered to protect the bio- 
logical grovkrth fronri freezing temperatures. .Sorrfe 
industrial wastes, have inherent odor problems. 
The enclosure for the BIO-SURF process plant 

, witJ facilitate odor control measures. 

InstalJationjs in sduthern*climates, or installations in 
northern climates which operate during the warm- 
er seasons .only (such as recreational areas), need ' ^ 
not be covered except for a esthetic reasons. j 



Wind cannot damage tf^e^edia and precipitation 
cannot remove the biomass from the corrugated^ 
media. 

Enclosures, can be constructed of any suitable cor- 
rosion resistant material. Heating or forced ventila- 
tiorrare not necessary. Windows or sirhple^louvered 
mechanisms which are opened in the summer and 
closed during the winter, provide adequate ventila- 
tion. Air within the enclosure is at a temperature 
approximately* equal to that of the wastewater. At 
very low ambient air temperatures,. tVie high 
humidity within the enclosure will result in 
condensation on the walls arid ceiling. To minimize 
porrosion within the enclosure and increase 
operator comtort, the condensation can be eliminat- 
ed by insulatino the enclosure or heating the air 
withjn the enclosure. Because condensation will 
occur only during cold weather, heating will general- 
ly be more e6onomicak 

To reduce the cost of enclosing a BIO-SURF plant, 
Autotrol has developed a molded plastic cover with 
^thermal insulation . which can be supplied as ari 
integral part of a BIO-SURF shaft assembly.- This " 
enclosure rninimizes the area to be covered and 
eliminates the need for the operator to enter the en- 
closure T^is also eliminates the need fo'r heating. 
Ventilation is provided by lotivered openings in the 
ends. More details* on the design of this, cover are 
presented in Chapters E and F. 
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SLUDGE TREATMENT & DISPOSAL 



THICKEtNIN GT 

Gravity 
. Centrifuge 
Flotation 



Aerobic " 
Anaerobic 



SLUDGE- 



C ONDITIONING 

Chemical 

B^iQlogical 

•Thermal 



VACUUM or PRESSUR E 
f^ILTRATION 



STORAGE 



CENTRIFUGATION 



DRYING 
BEDS 



"~1 
LAGOONS 



%AND 

APPLICATION 

Large Scale 
Indivi{lpals '• 



i 

LANDFILL 



• INCINERATION, 
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BIO-MODtJLE UNITS 
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Description 

A BIO-MODULE unit is a packaged u'astewater treatment 
plant designed to treat domestic or industrial sewage through a 
process where fixed aerobic ailtures of microorganisms remove 
both dissolved and suspended organic matter from the waste- 
water. A BIO-MODULE unit consists of a vi-et well, 
rotating bucket feed mechanism, and multi-stage BIO-SURF 
media incorporated into a semi-ciroHar steel tanl^. The BIO- 
MODULE unit is intended to operate in c6njiinction with pri- 
mary treatments secondary clarifier and sludge disposal facilities. . 



/ Operation i ' ^ 

^ After pretreatment. wastewater enters the BIO-MODULE wet 
well where it is picked up bv,' the rotating buckets. The 
buckets are attached to the main shaft by hollow arms, .^s the 
bucket is raised tp the same elevation as the shaft, the w&ste- 
^ water flovi'S down the hollow arm and is disc^iarged parallel to 
the ?haft over a bulkhead into the first stage of the BIO-SURF 
process treatmcfit ^ 

Aftp entering the first stage of the JBIO-SURF process, waste- 
water passes through a submerged orifice in the center of each 
bulkhead separating individOaf stages of treatment ^ixed 
liquor from the leist stage of rriedia passes ql/er a weir and 
fkiws to a secondare clarifier. * 



-DRJVE MAJNTENANCE 

CLEARANCE BIO-SURF MEOlA lNTEBMEi>lATE BAFFM 

-i^ ,4 1 • 



BIO-MODULE 


f— 


3.2m 




MODEL NO. 


62M04 


62M54 


621*204 


Effective media area (ft') 
OperattnQwt (lb) 
Shipping wt (ib ) 
Moior nofsepower* 
A 
B 


23 000 
53 000 
16000 

15*'3'/i* 


39 500 
73 000 
20 000 
2 

20-'3'4* 


56 000 
94^000 
24 000 
3 

25*-3'/$" 
26-^-4" 


QucKet pump capacities 
With 1.2. 3 or 
4 buckets (GPQ) 


22.500 45 000 67 500 90.000 




r BUCKET GUARD . 
{—GEAR REDUCER 




^K£T FEED 



ll'-S 
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NAME PLATE 



SHAFT BEARING 



WATER LEVEL 



• { 



1H- DRAIN "^iiOVERf^L&W ^riNHUENt 
CONNECTION .CpNNfcCTiON CONNECTION.^ 



STEEL TANK 
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TABLE 10*I. Preventive Maintenance Guide? 



Procedure 



^ Interval 



Weekly' 



Check contactor shaft bearings, feel to 
see if they are, running hot. Listen for un- 
usual noises. This includes.any pillow 
block on output of speed reducer. 

Feel motors to see if they ar« running 
hotter than design temperature. Check 
•flttea around the drive train and shaft 
bearings for oil spills. 

-Check^'oiMe veh-in-speedredticeran d 
ctiain drive system. . — ■ 

Lubricate contactor shaft bearings. 
Consult manufacturer's mstructions. 

Check chain drives for alignment and 
tightness. 

Check belt drives {if any) for alignment 
and tightness. 

Coat machined ends of contactor shaft 
with grease i^i case these ends do not 
have permanent coating. 3 

Adjust contactor shaft bearings. This 
includes any pillow block on the reducer 
output. 

Change lubricant for chain drive system. 
, Change oil in speed reducer. CHIan 
magnetic drain plug, if any. 

Replace the grease in the seats (if any) in 
the g^eed reducer. Consuft manufacturer's 
instructions. 

Grease bearings in the electric motor (if 
applicable). Consult manufacturer's ^ 
instructions. 



X 
X 



' ^ " 1 "T 

Monthly j Quarterly f Semiannually Annually 



X 
X 



X '-^ 
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LUBRICATION AND PREVENTATIVE MAIKTENAN<it4CHART 



PROCEDURE 



1*. ehjeck for hot mainshaft and drive package 
outylUt bearing (3 HP drive only). If too Jjot 

♦ for hand, use pyrometer. Replace bearings 
if temperaUire exceeds 200*^. 

2. Check for xmusual noises in niainsh^alt and 
rejduce/ output bearings. 



Grease the mainshaft bearings and drive 

package output bearing (3 HP. drive only). 
See Table 3, Recommer^ded Lubricants, for 
proper lubricants. Add grease slowly while 
shaft rotates. When gi;^ease begins to come ^ 
out of seajs, the bearings contain the correct 
amount of grease. Add six full strokes • 
where bearings cannot be seen. 



4r Inspect all chain drives, see MAINTENANCE' 
INSTRUCTIONS. 

5. Inspect mainshaft bearings and drive pack- 
age output bearing (3 ^HP drive only). See 
MAINTENANCE INSTRUCTIONS. 

6. Apply a generous coating of general purpose 
grease to mainshaft stub ends, mainshaft 
bearings and end collars. ^ 

7. Change oil in chain casing. See-Table 3, 
Recommended Lubricants, Be sure oil level 
is at or above the mark on the dipstick, 

^'8. Inspect belt drive (drive package), see 
MAINTENANCE INSTRUCTIONS. 

9. Change oil in speed reducer, See^Table 3, 
. Recommended Lubricants for correct oil. 



10. Clean magnetic drain\Dlug in speed reducer. ^ 

11. Purge^the grease in the double-sealed shaft 
seals of the speed rieducer by removirtg the 
plug located 480 degrees from the grease 
fitting on both the input and 'output seal 
cages, pump grease into the seal cages and 
replace plug. See Table 3j^PfiCommended 
Lubricants for proper grease. 

12. Grease niotor bearings, see Table 3; Rec- 
ommended Lubricants, and OPERATING IN- 
STRUCTIONS, U.S. ELECTRICAL MOTORS 
(in appendix). To grease motor bearings, 
stop motor and remove drain plug-s.^ Inject 

. new grease with pressure gun until all old 
grease has been forced out of^the bearing 
through the grease drain. -Run motor for ap- 
proximately five minutes to .relieve bearing 
ol excess grease. Replace drain plugs. 



INTERVAL 



Daily 



Weekly* 



4 wk. 



X 



3'mo. 



6' mo. 



12 mo. 



X 

X 
X 



X . 
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STATE OF IOWA ' 
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»;!'\;.!;y ma ;:\(.t:; '.':!! division 
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^ACUITY MAHc^ 
FACtLtTY 1<U>f8ER^ 
OIJCMAKOe StRIAU «UHBtR 
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YEAR 
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INFLUENT 2U HOUR SAMPLE COLLECTION (QOt)) 

^ ""•y ___ MG/L LBS/DAY( 5 ) ( 7662il') 

rnirPcNOLl 



.EFFLUENT 24 HOUR SAMPLE COLLECTION (001 y 



■PcliOLD SOL 
NITRC 



HC..' 



. I »S L„ MG /L - L6S/0AY»5) (7110^1) 

5Gr.;i !-)G/L*._VLe:;/0AY(5 ) ( 70i}2tli?* i 

;.i 1 1. M OH ^ AL I 0;jSyDAY(743^>lt^ 



BOO5 



t ^ suspended solids _ 
ahmonia:nitrogen_1. 

I'CCAb COL I FORM 



,MG/L LBS/DAY(5)(7602U) 

.MG/L LBS/DAY ( 5) ( 711021) ) 

.MG/L __\lBS/OAY(5)(701I2i|) 
JJRGANISMSAIOO ML (763211) 



T □ JtTTi 



pnTATtt.'O Pint or. 



Page 2 of 7 ^ ' _ 



3*^ EFFLUENT LIMITATIONS AND' MONITORING HEQUIRE^^ENTS 

(a) During the period beginning on the date of IssuahM nnd lastingnhrough/june 30, 1981 the permittee is 
authorized to^ discharge from outfall serial number 001, / 



\ 



Such discharge shalf be limited and monitor^jd by the permittee as ^spVcif iedr 



Was^tewateV Parameter 

FIovAm^day (MGD) 
BO!) (S-day)**. 
Suspended Solids**- 
Ammonia Nitrogen (as N)*** 
Fecal Col*iform*f 
BOD (S-day)' 
Ammonia Nitrogen (as N) 
Settleable Solids 

' Dissolved Oxygen 
Temperature V 
Residual CMoi\jLne Q 



"kg/d^y' (Ib^/day) 
Daily Avg Max 



lent Limitati ons 

Other Units (Specify) 
Daily Avg May 



21(46) 
42(92) 
4(9) 



- ' 20S2fO,SS) 3123(/82^\ 
^ 31(69) \10 mg/1 ' IS mg/l\ 



•62(138) \20 mg/1 
10(^3) . 2. mg/1 



From '6.S to 9.0 



30 mg/l 
5 mg/1 



' Measuxemenc. 
Frequency 



Mo nitorinh Reciuirement s 




Daily 
. 1/month 

1 /month 

l/mon\h 

1/ 3 months 

2/week 

2/week 
' 3/week- 

3/week 

3/v;cek 

3/Keek • " 
"SAweek - ^ 

Monthly ^ 



Sample 
Type 



Sample 
Location^ 



1 or 

.^24-hr, Composite . 1,2 
24-hr, Composite 1,2 
24-hr. Composite 
Grab 
6*hr, Composite 
6-hr. Conipositc 

' Grab ^ 
, Grab 
V Grab • - 

■ Grab- 
Grab 



1,2 

2 

1.2,5 
1.2,3- 
1.2 

2 

1.3 



I 



2 

CO 
M 



@Disinfectidn shall be practiced from April 1 throDgh October 31 and the monitoring performed as specified. 



r .ERIC 



Ther^i shall :be noAlischargo of floating or settleabl'e substancfeg- in other than trace ^iDOtints.. ' 
^^Sanples colj./c-r^i^ cis cj>et:irioc: in the monitoring ii'oqul renionts shall -be taken at the f 'J.lovUn^ Ipca tion(s) : 
ijt 1 - raw )castwatcr influent to the treatment facility ' ' . * \ 

'2 - fina^l effluent from the treatment facility . ' ' . ^ \ * . , 

3 - effluent from final d^ar.ifier^ • ' ^ * \ 



**Thc'SC analytical values shall bo recorded in ''the special spacel ^ovided on the Records of Operation report form. 
***Sa5!iple submitted for the Ufffuent Quality Analysi.s Procram (HQAP) conducted in. accordance with .tihapter 1S af the , 



Rules of -the Iowa Dcpartmen^of fhiviromncnta I QuaTity (1975 *Iowa Administrative Code)'. 
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TRANS ID - 26 
TYPICAI^ALCULATIONS - I 




PLANT DATA Flpw: 2.0 mgd - 

Suspended Solids: Inf.*- 240 mg/l 
Pri. Eff . • 100 



-BQD: 



Final - 20 
Final Effluent • 20 mg/l 



Final Clarifier ~ 65 It. in 'diameter 

B ft, depth 



^DETERMINE THE PER CENT REMOVAL SUSPENDED SOLIDS 

A. Primary Settling: 

% 'Rqm. = • 240 - 100 i:iOO)^ 58% . 
240 



.. B, Total. Pl^nf: 

\ 




% RWj. = 240 - 20 (100) = 92% 
A *■ 240 ^, 



(5 
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TRANS ID - 27 
TYPICAL CALCULATIONS - II 



II. IF 'THE HYDRAULIC LOADING IS. 2.0 gpd/ft^, WHAT MEDIA 
IS REQUIRED? ^ 

Area- = (2,000,000) = 1,000,000 ft. 2 * 
r 2 



nr. 



WHAT IS THE OVERPLOW RATE ON THE FINAL CLA^IFIER? 

Area = 3.14 (65) (65) '= 3317 ft.-? 
■ , 2 2 

Overflow Rate = 2,000,000 = 603 gpd/ft.^ ^ 

331? 

; .'3 ' 



-IV. WHAT IS. THE DETENTIONJCIME IN THE CLARIFIER? 



Time' = volume 



I 

V =. (3317) (8) (7.48) 



flow rate V = 198,490 gallon^ 



T = 198,490 = 2.4 hours 
, 2,000,000/24 " ^ 5 




HOW MANY POUNDS PER DAY OF BOD ARE DISCHARGED? 

lbs.. = (flow (cone) (8.3.4)^= (2.0) (20) (8.34) = 334, lbs /day 
; ' rate) .1 * . 

\ mgd ppm ■ i } " j . 
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Intermediate Rotating Biological Sifrface 
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* II3JWW INTERMEDIATE ROTATING BIOLOGICAL SURFACE' OPERATION . 

• ' ^ STUDENT OUTLINE . . 

;e: Participants will receive a copy of each transpare/icy used in 
the presentations. Participants should own or receive WPCF 
Manucil of Practice No. 11 Operation of Wastewater Treatment ^ 
Plants . Appropriate chapters in the^ Manual should be studied 
for each topic. 's 

- Autdtrol a^nd other manufacturers will be contacted to obtain 
technical brochures and process description supplements for 
the. parti ci pan ts-, — — ™— ^ — 



Review of Wajgi:ewater Treatment Sys terns and^ Process Performance 
Parameters • * - 

A. Review typical wastewater treatment systems (Trans ID-1). 

Note the purpose of individual treatment processes and their 
performance-water quality x:han3e.^ . ' > 

1. ' Espe.cially r^eview the performance of pre- treatment processes 

ihat are utilized ahead of fixed-film biological processes. 

2. .Observe the ^performance and .factors that' affect sedimenta-* 

tiofj processes e,g.,'fin^l settling tanks. . - • ' 

C. Compare J the role of RBS Units to. that of trickling filters and 
activated sTudge units (Traps ID-l, IP72) 

D. Review the. cofmion water parameters in wastewater treatment. 
(Trans ID-3, ID-4, ID-5, ID-6) • \ . 

1. Note the meani>ng and significafnce of tHe parameter. 

-J • - 

2. Review appropriate analytical :techniques^ ' 

3. • Especially note the nitrification effects in BOD analysis. 

B^s^ic Biology and Biological Systems (Trans ffih , ID-8, ID-9-, ID^IO.) 

^ 'I' * ^ 

A. Study the various types of bacterial actl^V]ty=' and growth rates 

*B^ Note.thfe significance of food*, to raicroorg^a^ism. ratios and the 
source 6f carbon for the bio-act,ivi ty in a^RBS system. ' ^ » ' 

■1 • 5 i "f. ^ 

C. Note nijtrifi cation (aerobic) and denitri^^ication (anaerobic) . ^ ^ 
Also note the biological release of NH3 from protein and -the . 
use of hitrogen In cell synthesis; 'J 

D. Relate celV synthesis to sloughing or loisbf bio-solids < 

• ■ ,-■ ,• y 



t 



E.^ Review^ and study the different ^types of organisms and what 
they indi-cate about the system^^e.g. 

1. Conditions f&voring filamentous organisms. 

2. Conditions favoring rotifers. - 

III. RBS System: Purposej functions ;• components (Trans' ID-U, ID-12, 
ID-13>, ID-14) . * , • ... ' ' - 

* • . ' 

A, Study the RBS system layout, configuration and component parts. 

B. Note^ how the process^ functions and the typical perforrnance of 
the system regariiril" BOD, Suspended Solids and Ammom*a reduction, 

• ♦ — 

. C. Study the natui^e of the bio-maiss; its formation appearance and 
removal from the disk. ^ ^ * , 

D/ Observe typical systems*(Slid^s D'S-1 thru DS-17). 

.IV. RBS .System: Factors Affecting Perfonma nee (Trans ID-15) 

A. Study the pre-treatment factorls that affect performance 

1: Solids carryover from priniary - flow interference and 
odor production. ' j v 

* i 

> 2. Increased organic loads -jbio-growth and' effluent qua>ity«^ 

I , ^ - 

3. Flow variation - affect or! hydrauTic loading of disks and 
J . settling tanks. |^ , 

. J 4. Toxics - interference witH biological activity. 

^. Note the effects of certain 'waiter quality par^eter^ ; 

' ' \ J. BOD reduction is not as sensitive to'pH as is nitrification \ 
\ (pH in the 8.0 to 8.6 range desired). , j 

I ' - I ^ • ' 

2. Low temperatures decrease^rate of-BOD reduc^on|and ndtrifica- 
) tion- - housing units and >|ower hy^paulic loadings. 

i '3, Alkaljnity is reduced duejtcuC02 utilization inlnitrffi cation. 

' . ^ 4. Note DO and nitrogen form] changes in the i^tagesL ' \ 

IjBS* System: Typical Desi^n^Cri tep'a (Trans IDxl6, 10-17, ID-1^, -10-19) 

k. Notefthe' various criteria that affect the design pf^RBS/units ^ 
I ' and ,wliat they are. ^ J ' * 

B. /lote how ch^rtg^es, in the vario^is design factors. aff^t BOD reduc- 
• " , - tiori dnd nitrification. ' ^ . ^ . 



•C. ^Especially note the significance of the hydraulic loading 
and how- it could be adjustecl to compensate for cimpges in 
wastewater quality parameters e.g., temperature and BOD. ' 

VI. Final settling tank and sludge disposal (Trans ID-14, ID-20) 

A.' >Jote the settling properties of RBS solids. ' 

. B. Review the primary factors that affect clarifier'peij^ormance e.g-. 

1. Overflow rate ' * ' 

, 2, Detention time 



C.. No^e-4Jie quantities and quality of final settling tank sludge 
. and its disposed talternatives. 

t\. Sludge pumping vs. thickness. 
- 2. Rising sludge and denitrif ica^ion • 
Sludge storage and/or recycle *to primary tanks 

VII . Maintenance (Trans ID-21, ID-22,, ID>2^^^ 

A. .Review the components of the system. 

-R.. ^Review iypical maintenance guides. 

^ C. ^Note appropriate manufacturer's operational- and maintenance 

J . . ' {^instructions . ^ 



VIII. Reports and Calculations ' / 



A. Review 'typical IDEQ report form and effluent monitoring require-' ^ 
.ments CYrans ID-24, ID-25). i 



^ ,1. Note type of sampling. * ' 

\ 2. .No^e, parameters, units, terminology, etc. \ \ 

B. ..Study typical calculations including detention time, hydraulic. It 

. ) t ■ loading, percent removal, Ibs/day-copcentration conversions t \ 

■ ^ ^ , - ^(Jrans;D-26; ID-27),.. , . , ^ ^ ■ 
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EXAMINATION , QUESTIONS 

II3JWW Intermediate 
. ai40WW Advanced 



Note: 



1^. The" questions fc5r the Basic Level Module should be used' as 
desired4>y the instructor and evaluating group*. * 

2. The topical coverage for the ititermediate and advanced modules 
is generally ^quite similar. • The following questions are 
provided for use in either module. The insjtructbr and 
^evaluajting gr<?up can mak^ the appropriate selections. 



J- 



1. RBS unit performance, decreases with very low wastewater temperatures, 
in the 40 's and low 50 's (^F). This can be corre.c^ed by housing the/ 
units in a^ building (Emme^sburg) and heating the ^r or,b^ providing 



the construction of the units. 



_initially in 



2. One of the primary advantages cited for the RBS p2|)Cess is its 











Vfhat are two pre-treatment requirements 


f ol? rIs" 


Tl 




(a) ^ , •j^'^ ^ 








(b) ; , ; 




. 







For a given RBS syst^in-f ixe'd media ar^a-, you'coul^ increase the %.BOD 
■removal hy decreasing the hydraulic loading that ifeaowerin'g the flow 
rate .'to th^e disks'. ~ , . | ' ) ^ , . 



T F 



ERIC 



5.. A procedur^exthat c'ouid he- utilized to increase BOi:^~ removal in the RBS 
system is ^ . ^ ^ , . 

'a. Increase the hydrjaulic- loading on' the disks ' ; * 

b. Hold t|ie pH between 6.5 to^.S ' 1 . ' 

c. Increase the. nu^iber' of stages " | ' J * 

d. Increase the hydraulic loading on tKe fitial cQ^rifier 

'^"^s . ^^'^ . . ^ • ^ j ^ * 

p?n^cn^r^^^o?^^ ^^^^^^^ .850F have, ittfle .or no effect on 

BIO-SURF T«BS) pi^ce^s ig^rformance. V.| ^ 

^ > ^v' ' . . ' / 
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The alkalinity "of the wastewater can be reduced in RBS systems^ practicing 
nitrification. 



T F • X. The optimum pH* range for nitrification appears to.^be in .the g.O to 9.0 * 
J) range. - 

* — " 
9. The rate of nitrification decreases with 

a. decreasing DO concentration i)elow 3.0 ' / 

b. increasing BOD/NH^ ratio in the wastewater / 

c. (decreases in the wastewater temperature - . 

d. ~^l:l'of the above ~ ^' 

For a given influent BOD j?oncentratipn, as you i.ncrease the hydrablic 
loading you decrease the percent ammonia removal. 



T F 10. 



11. A white filamentous growth on the contactor midea is indicative of 

a. High paCO^ levels . ' 

b. Septic wastewater an'ci high H S - ^ ' 

c. High rotation speed and lime addition 



T F 12. 



13. 



pH control is not as critical wlien BOD 'removal is the goal. A range of 
6.5 to 8.5 will not affect process efficiency. 

What operating equipment is checked moire frequently for' maintenance 
v-requioriements? * ^ 

^4 - ' - 



.Answer the questions following the plant data, 



Data: Flow 3.0 mgd ■• Maximum Flow H.S mgd ' ' ' ^ 

> ' , -* 

BODs^:' Influent 220 



Primary Effluent 155 i 



Final Effluent 20 i 

Final Clarifier: 70 ft. in diameter | . ' * ! 

' ^ 8 ft. d^pth • . M ' 
-'I ' ■ 1 ■ 4. 

1^. Determine the per cent rembval of BOD in the .primary^unit and the* whole ? > ' ' 
plant . • ' \ . • 

' ' ' > ' . V • ' ' 1 • '*' • ■• 

1-5, How, many pounds per day of BOD is discharged {to the stredm' i . 

.16. Assume the total bio-dis^< area is 1,800,000 Iqiiare feet, calculate the 
hydraulic loading for "average flow and maximum flow conditions? 

17. What would happeiv to pl^t performance if thi maximum flow, lasted for 
several days? ' . i ' ' 

♦ . { ■ ■ 

18. Determine the overflow rate and detention time for the final clarifier. ^ ^ , 

^ ■ * IL?^ 'naximum flow rate was of short"*duration and ojjpurred freauently, " 

what could be done to modify plant operation ^without increasing "the disk ktea? 
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